Abstract -Communication systems for future NASA interplanetary spacecraft require transmitter powers ranging from several hundred watts to kilowatts. Several hybrid junctions are considered as elements within a corporate combining architecture for high power Ka-band traveling-wave tube amplifiers (TWTAs). This paper presents the computer-aided designs and simulated transmission characteristics of several hybrid circuits for a low loss, high power waveguide combiner.
I. Introduction
Future deep space missions for NASA's "Vision for Space Exploration" demand high power communication systems with unprecedented data transmission rates. Under Project Prometheus [1], nuclear fission power will provide the means to deliver data transmission rates of tens of Mbps for deep space missions to Mars and Jupiter. To produce these high data rates, transmitters with output powers of 1 kW are being considered.
One method of achieving these goals is to combine the power of multiple amplifiers. Power combining is a well-known technique, especially for low power solid-state devices. While successful for lower power levels, the combining of state-of-the-art solidstate devices has not yielded powers above hundreds of watts. A single TWTA, such as the TWT developed by Boeing for a NASA GRC contract can deliver over 100W, at Kaband, with a Power Added Efficiency of 59% [2] . Combining the power output from multiple TWTAs is a logical means to achieve the needed power output. Two methods of power combining were considered for meeting the stated requirements, waveguide architectures and spatial combining architectures [3] . We chose waveguide power combining architectures for their ability to handle the frequency, power, size and mass requirements. In addition, in case of amplifier failure, waveguide switches can be included to switch in redundant amplifiers. Furthermore, at Ka-band frequencies waveguide structures because of their lower attenuation are ideally suited for antenna beam-forming networks [4] . In this paper, we present the simulated transmission characteristics of waveguide hybrid junctions, which form the basic building blocks for power combiners. In the past 3-D waveguide structures for antennas have been analyzed using field theoretical techniques such as, mode matching [5] and method of moments [6] . In our work we use commercially available CST Microwave Studio [7] .
II. High Power Hybrid Junctions
Hybrid junctions can be simply defined as four port networks with the following characteristics: power incident at one of the conjugate ports is equally divided between the other two ports; equal power at two ports will combine and sum at one port while delivering no power to the other conjugate port [8] .
0-7803-8883-6/05/$20.00 @2005 IEEE Waveguide hybrid junctions are commercially available; however, many vendors do not test for a power handling capability greater than a few watts, much less kilowatts. In addition, at high powers the small elements that are typically used for impedance matching increase the risk of RF breakdown; therefore, various junctions, with matching elements more suited for high power, were considered for analysis. The five following variants of hybrid junctions were chosen for their superior power handling capability.
A. Magic Tee
The Magic Tee is constructed by connecting shunt and series waveguides to the center of a collinear waveguide. Commercial Magic Tees are typically impedance matched with cone and rod structures. The small structures can concentrate electric fields thereby creating multipactor effects which can lead to RF breakdown. To reduce the possibility of multipaction, two different impedance matching methods were considered. In one case, the Magic Tees were matched with inductive windows as shown in Fig la. In the other case that is shown in Figure lb , the traditional post was transformed into a rounded fin that extended to the back wall ofthe H-arm [9] . A low Q inductive window in the Harm and a small E-arm ridge were added for further impedance matching.
B. Folded E-Plane Magic Tee
The folded E-Plane Magic Tee is a variation of the Magic Tee that was developed for microwave applications where a high power carrying capacity was required [10] . Two types of folded E-Plane tees are shown in Fig 2. The "split collinear arm" folded E-Plane tee in Fig 2a has better heat dissipation characteristics than the "common wall" folded EPlane tee shown in Fig 2b. The disadvantage is that the E-Plane bends add reflection loss. Both forms of folded E-Plane tee were matched by shaping and extending the center partition into both the E and H arms.
C. Hybrid Ring Hybrid Rings are planar hybrid junctions constructed from a ring or loop of transmission line, waveguide or strip-lines. The well-known "Rat Race", shown in Figure 3 , is one of several hybrid rings described by Tyrrell [8] . The Rat Race is matched with both inductive windows and small ridge-like discontinuities.
III. Computer Aided Design and Modeling
All circuits were designed for standard WR-28 waveguides. CST's Microwave Studio [7] performed a time-domain analysis over a frequency range of 31.8 to 32.3 GHz, which is of interest to NASA's interplanetary spacecraft communications. The analyses include calculations of S-parameters, VSWR, and plots of the electric field intensity and power flow. Optimization routines were used to refine the dimensions and locations of structures used for impedance matching.
IV. Results and Discussions
Excluding the Magic Tee that was matched with a cone-fin structure, all discussed hybrid junctions and their matching structures are relatively easy to fabricate. While the Rat Race is more difficult to match, its planar geometry allows for more convenient system architectures than cross-polarized hybrid junctions like the Magic Tee. The disadvantage is that hybrid rings have narrower bandwidths than Magic Tees. 
